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A PRELIMINARYINVESTIGATIONOFTHEEFFECTSOF

GUSTYAIRONHELICOPTER-EIADE

BENDINGMOMEIiTS

By JosephW. Jewel,Jr.,ad PaulJ. Carpenter

A prel~ary investigationhasbeenmadeatthelangleyhelicopter
testtowertodeterminethebendingmomentsexcitedontypicalhelicopter
bladesinqpietandgustyair.

Theresultsobtainedfromthelimitedrangeofthisinvestigation
indicatethattheeffectsofgustsonrotor-bladebendingmomentsa~ear
tobe secondarywhencomparedwiththevibratorymomentsattributedto
theunsymmetricalrotordownwashforthe26-mphwind-velocitycondition
testedandanalyzed.Itwasalsofoundthattheadditionofweightat
thebladetipsreducedthemsgnitudeofthebladevibratorybending
moments.

INTRODUCTION

Thesuccessfuldevelopmentofclifferenttypesofhelicoptersfor
bigblyspecializedusesisdependentto a largeextentuponachieving
refinedaerodynamicandstructuraldesign.Oneofthegeneralproblems
aboutwhichthereislittleinformationistheeffectofgustsonrotor-
bladeflapwisebendingmoments.

Accordingly,a preliminaryinvestigationhasbeencompleted,thepri-
maryobjectiveofwhichwasto determinewhetherrotor-bladebendingmcments
aresignificantlyaffectedby gustsand,if so,to determinetherelative
-tude oftheseeffects.ThetestsweremadeontheLangleyheli-
coptertesttowerincsh airandingustywindconditions.

Timehistoriesoftherotor-bladebendingmomentsandtheindicated
gustconditionswereobtained.Sincebladevibratorybendingmoments,
asidefromgusteffects,msybe causedlargelyby thedissymmetryin
rotordownwashunderliftingconditionsattheforwardspeedsencountered
duringthesetests,testswerealsomadeingustyairat zerorotorlift,
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2 NACATN3074

zerorotorangleof attack,andzerobladeangleofattackto eliminate
theeffectsofdownwash.An analysissimilarto thatmadeforforward
flightby theCornellAeronauticalLaboratory,Xnc.(ref.1)wasperformed
to explainthebending-momentdataobtained.h thepresentinvestiga-
tion,a 48-pointFourieransJysisofthebladebendingmomentswasmadeto
determinetheamplitudeandfrequencyofthefirst10harmonics.The
resuitsoftheanalysisarepresentedherein,togetherwitha limited
amountofdataontheeffectsoftipweightonbladevibratoryandmean
bendbgmoments.

DESCKU?TIONOFAPPARATUS

RotorBlades

Thehelicopterrotorusedwasa conventionalthree-bladedrotorwith
flappinghingeslocatedontherotorshaft.A photographoftherotor
installationattbeLangleyhelicoptertesttoweris shownasfigure1.
Thebladeshada steelmainsparandwerecoveredwithplywood;theyhad
a radiusof18.62feet,smequivalentchordof9.9inches,a solidity
of0.042,no twist,andsmNACA23015airfoilsectionwith0.1°reflex
atthetrailingedge. Theweightofeachbladewas62.5pounds,andthe
normslconfigurationofthebladesincorporateda 1.6-poundtipweight
atthe15-percent-chordstationforchordwisemassbalance.A limited
nuiberoftestswasmadewithno tipweightandwitha 7-poundtipweight
to investigatetheeffectoftipweightsonthebladevibratoryandmean
bendingmoments.Theratioofthe7-poundtipweightto thebladeweight
was0.112.Twoofthebladeswereinstrumentedwithstrdn gagesonthe
topandbottomofthesteelmainsparatthe25-,37-,50-,62-,75-,
85-,and97-percent-spantise-radiusstations.A planviewof oneofthese
bladesis shownasfigure2.

WindandGustMeasuringEqtipment

Twoinstrwnentasseniblies,eachcapableofdetectingthewinddirec-
tionandthepresenceofgusts,werelocatedonpoles90°apart.The
instrumentswereplacedinsidethewireprotectorscreenintheplaneof
theblades,38feetfromthecenterof rotation,and2 feetfromthe
nearestscreenpole. Eachinstrumentassenitilyconsistedofa wind-
directionindicatorandtwoturbulencebiicators;oneturbulenceindicat-
or wasmountedverticallyandonewasmountedhorizontally.A picture
of oneasseniblyis shownasfigure3. Theturbulenceindicatorconsisted
of a metalboxwhichhouseda straingsge,a paddle,andan oildashpot.
Themovementofthepaddleby anairdisturbancewassensedby thestrain
gageWhichtransmittedthesignalto a recordingoscillographwithgalva-
nometerselementshavtnga flatresponsecurveup to 100cps. The
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turbulenceindicatorsshowedonlythefrequencyandrelativemagnitude
ofairdisturbancesfordifferenttestconditions.A measureofthe
horizontal-gustintensitywasobtainedfromfluctuationsinthewind-
directionindicator.Thewindvanemountedontopofthegust-semdng
elementsincorporateda slide-wirepotentiometer-typetransmitter.
Signalsfromthepotentiometerweretransmittedto andrecordedby the
oscillograph.Theresponsecharacteristicsofthewindvaneweredeter-
minedbywind-tunneltests.Thenaturalfrequencyofthevanein cycles
persecondwas0.05timesthetid speedinfeetpersecond,whichmeans
thatitcouldaccuratelyfollowgustswitha durationof O.~ ormoresec-
ondsata windspeedof26mph (oneofthetestconditions).Average
windvelocitywasindicatedby anemometercupsmountedon a pole@ feet
highand180feetfromthetower.

.

TEsTs

TestConditions

hformationonbladebendingmcmentsobtainedwitha 1.6-poundtip
weightwastakenwiththerotoroperatinginthreebasicconditionsat
a rotorangularvelocityofabout4 rps. b thefirstofthesecondi-
tions,selectedasa basisto comparegustandforward-speedeffects,
therotorwasoperatedat zerothrustincalmair. Thesecondcondition,
inwhichtherotorwasoperatedat zerothrustingusty26-mphwinds,
wasselectedtobringouttheeffectsofgustsonthebladebending
moments.Thethirdconditionselectedwasfora rotorthrustof
2,1~ poundsh gusty26-mphwindsto showthetotaleffectsofforward
flightandgustsona loadedrotor.

An investigationof
momentswasconductedin
Testsweremadewithtip

Theinstrumentation

theeffectsoftipweightsonthebladebending
8-mphwindsat a rotorthrustof 2,1oopounds.
weightsofO,1.6,and7.0pounds.

TestMethDds

discussedinreference2 providedthefollowing
performancee data:thrust,torqu,cyclicandcollectivepitch,andshaft
revolutionspersecond.Thedatawererecordedona separateoscillograph.
Thebending-momentsignslsfromthestraingageslocatedontheblade
sparwerefedthroughsilverslipringsontherotorheadto a selector
smdcontrolboxandfromthereto theotheroscillograph.Attemptsto
recordallsevenbending-momenttracesononerecordresultedin scram-
blingthetracesto suchanextentthatidentificationoftheindividual
traceswasimpossible.Accordingly,half’oftheinformationwasobtained
in onerun,andthe runwas repeatedto obtaintherestofthedata. The

..— ——— ——— .—— ..— —— .
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t~ intervalbetweentherunswasabout5 minutes.Turbulenceindica-
tionsandwind-vanedirectionsweretransmitteddirectlyto theselector
andcontrolboxandthento theoscillograph.In orderto correlatethe
performanceandbending-mmentinformation,a timersignalwasfedinto
eachoscil.lograph.Forgustywindconditions,recordsweretakenfora
periodofnotlessthan1 minute,correspondingto about240rotorrevolu-
tions,sothata sufficientthe historyofthegustsandbladebemMng
momentscouldbe obtained.

PrecisionoftheData

Theestimatedaccuraciesofthebasicptities measuredinthis
investigationareasfollows:

Bladebendingmoment,percentoffull-scaledeflection
Bladenaturalfrequency,cps . . . . . . . . . . . . .
Thrust,lb . . . . . . . . . . . . . . . . . . . . . .
Torque,lb-ft. . . . . . . . . . . . . . . . . . . . .
Pitchangl.e,deg..... . . . . . . . . . . . . . .
Rotorangulsrvelocity,rpm.. . . . . . . . . . . . .
Average*dvelocity, mph . . . . . . . . . . . . . .
Wtiddirectionjdeg..... . . . . . . . . . . . . .

. . . . . . . *3

. . . . . . *0.5

. . . . . . *15

. . . . . . ~15

. . . . . . ?0.2

. . . . . . . *1

. . . . . . . *1

. . . . . . . *5

Asmentionedpreviously,no accuraciescanbe quotedfortheturbulence
indicatorsinceitindicatedonlywhethertheairwassmoothorrough.
It isbelievedthattheoverallaccuracyoftheperformancedatais 3 per-
centandthattheaccuracyofthebending-momentdatais about5 percent.

ANALYSIS

IkterminationofGustContribution

Thegustsreportedinthisinvestigationarethosecausedby the
no?.mslturbulenceofthewind. An indicationoftheintensityofthe
horizontalgustscanbe obtainedby measuringtheanglethroughwhich
thewindvanefIuctuatesandthennmltiplylngthesineofthisangleby
theaversgew5ndspeed.An explanationofthemethcdusedto determine
thishorizontal-gustintensityispresentedinreference3. Forthetest
windvelocityof26mph,themaxhmmwind-directionvariationwas30°,
whichindicatedhorizontal-gustvelocitiesoftheorderof15to 20ft/sec.
Thesewind-vsnedatawereusedto establishthegenerslgustlevelsfor
thetestconditions.Ihtheabsenceofotherspecificinformation,it
is assumedthatthesedataalsoindicatethegenerallevelofthevertical
gusts.
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lhasmuchasverygustyairoccurredonlyat considerablew3ndspeeds,
theevaluationoftheeffectofthegustsrequiresa separationofgust
effectsfromforward-speedeffects.It isweILtiownthatlsrgefl.apwise
vibrato~bendingmomentsoccurinrotorbladesinforwardflightbecause
ofunsymmetrical.downwashthroughtherotordisk. ThesevibratoryEIQments
havebeenreportedto reacha ~ at 20to ~ mphfora helicopterof
normaldiskloa&Lng(2.0to 2.5lb/sqft) andnormalrotational.tipspeed
(ref.1). Thisisalsothespeedrangeatwldchthepresentgusttests
wereconducted.Higherwindvelocitieswerenotobtainable,andthe
turbulenceleveloflowerwindspeedswassmallsothattheeffectsof
gustsweremoredifficulttomeasure.

Ih orderto obtainan indicationoftheincrementalbendingmoment
dueto gusts,datawereobtainedatzerorotorthrust(zerodownwash)b
bothqtietandgustyair. Theeffectsofgustsontheloadedandunloaded
rotormayormaynotbe thessme;however,anexaminationoftheproblem
indicatesthatthegusteffectsasmeasumdontheunloadedrotorcanbe
usedto judgewhetherthesamegusteffectsarelikelytobe ofmorethan
secondaryimportancefortheloaded-rotorcase.

It is~cognizedthattheflapwlsevibratorymomentsrecordedunder
variouswindconditionsat zerothrustmaycontainsomesmallunlmown
incrementsresultingfrmusuchfactorsas onebladeoperatinginthewake
ofa precedingblade,mechanicaltiputfrm imperfectionsinthepitch-
controlassenitily,inabilityto setexactlyzerorotorthrust,andazimuthdl.
variationinrestitantvelocity.

MeasuredBendingMoments

Thefreqpenciesatwhichthevibratorymmnentsoccurareveryimpor-
tantinrotor-bladedesign,especiallyinan analysisoftheexpected
fatigueHe ofrotor-blademainspars,rootfittings,andhubassemblies.
Reference1 showsthatthepredominmtbladefrequenciesencounteredin
forwardfldghtarethosecorrespondingtothenaturalfrequenciesofblade
ben&lmginthefirst,second,ti thirdmodes.Gustdisturbanceswould
be expectedtohavea shilsxeffectsince,preswnablyjthebladeshould
actHke a band-passfilter,rejectingdisturbancesremtefromits
natural.frequenciesbutamplifyingthoseat ornearitsnaturalfrequen-
cies.Accordingly,a ~-pointharmonicanalysiswasmadeoftheblade
bendingmomentsfortheconditionsofzerothrustanda~roximatelyzero
windvelocity,zerothrustandgustywindsof 26mph,and2,1oopoundsof
rotorthrustandgustywindsof 26mph (gustsplusunsymmetricaldownwash
effects). As a pointof interest,an analysiswasalsomadeforthe
conditionof 2,100poundsofrotorthrustandrelativelyquietair.

Theexperhentalpredominantbladebendingfrequencieswerethen
comparedwiththecalculatedbendingfrequenciesoftherotatingblade

..——.— —-- ..— —. —.—- ———.— . —.— ..-. — — -——
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whichcorrespondedto thefirst,second,andthirdflapwisebendingmodes.
Thecalculatedfrequencieswereobtainedby determiningexperimentallythe
staticnaturalfrequenciesinthesemodesbymesnsof shakertestsand
thencalculatingtheincreaseinnaturalfrequenciesunderrotating
conditionsh a mannersimilarto thatgivenin standardreferencetexts
onvibrations.

Theeffectofbladetipweightsonthemeanandvibratoryblade
bendingmometiswasinvestigatedfortheconditionsofO-,1.6-,
and7.O-poundtipweights.–

RESULTSANDDISCUSSION

In orderto facilitatecomparisonofthedataandto separatethe
effectsof gustsfrantheeffectofunsymmetricalrotordownwashassoci-
atedwithforwardspeed,thedatawillbe discussedinthreephases:
(1)zerorotorthrust(nodownwash)in quietairwiththewindvelocity
lessthan3 mph,(2)zerorotorthrustinverygustyairwithan average
windvelocityof26mph,and (3) combinedeffectsofgustsanddownwash

.,

at 2,100poundsofrotorthrustinverygustyairwithan averagewind
velocityof26mph.

zeroThruSkin QuietAir

Ssmpleoscillographrecordsoftheblsdeflapwise-bending-moment
tracesfortherotoroperatinginveryqtietairat zerothrustandat
appro-tely zerowindvelocityareshowninfigures4(a)and(b). Fig-
ure4(a)presentstherecordsfromthe25-,50-,and75-percent-radius
stationsandfigure4(b)showstherecordsfromthe37-,62-,85-,and
97-Percent-rmusstatio~(whereR isthebladeradius).

Thestraightlinesoftheturbulenceindicatorsshowthatno air
disturbanceswerepresent.Thebending-momenttraces,however,arenot
straightandindicate
previouslymentimed,
wakeofthepreceding
zerorotorthrustsnd

a smallamountofvibratorydisturbance.As
variousfactors,suchas onebladeoperatinginthe
blade,mayexcitebladevibratogmcznentsevenat
zerowindvelocity.

ZeroThrustinGusty26-mphWinds

Theincreaseinthebladevibratorybendingmomentsobtainedat zero
rotorthrust(nodownwash)dueto operatingingustyairatan average
windvelocityof26mphis showninfigures5(a)and(b).
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Airdisturbancesareindicatedby theerratictracesoftheturbu-
lenceindicators.Thesevereturbulentconditionrecordedby indicator2
wascausedby absenceof oilintheindicator’sdashpotdsmperand,
tberefore,thisindicatorshouldbe disregamied.Formostofthebending-
momenttraces,thesmplitudeisaboutthreetimesaslargeasthatshown
forquietair. Thereseemstobe no correlationofthebendingmoments
withtheindicatedgusts.Thislackof correlationisnotsurprisingin
viewofthefactthatthebladeisa vibratingsystemwhichacceptssnd
smplifiesonlythosedisturbancesnearitsnatur&J_frequencies.h
mentionedpreviously,itisrecognizedthatpartoftheincreasein
smplitudeshowninfigure5 maybe causedby theincreaseinairspeed
alone. However,itisthoughtthatgustswouldhavethegreatereffect
onthebladevibratorymomentsby causinga chsmgeintheeffectiveangle
ofattackandtherebyintheliftoftheblade.Althoughthetimethatthe
bladecsmbe affectedby a givengustisprobablysmall,itmaybe suf-
ficientto displacethebladefromitsnormalpathofrotationand,thus,
to hrposevibratorymcnnents.tiordertobe conservativeintheestima-
tionofgustloads,theincreaseinbladebendingmomentwillbe considered
tobewhollydueto gustdisturbances.

2,100poundsofThrustinGusty26-mphWinds

Figures6(a)and(b)showthecombinedeffectofgusts,windsof
26mph,and2,100poundsofrotorthrustonthespawisebladebendhg
moments.Forthewindvelocityof 26qh, therotorwastrtiedby
applyingappro-tely 3° of cyclicpitch.Theturbulenceindicators
showaboutthessmedisturbancetobe presentas infigure> (which
presentedthebladevibratorymomentsat zerothrustsnd,thus,zero
rotordownwash).A comparisonofthetwofigures,onewithoutrotor
downwash(fig.5)andonewithrotordownwash(fig.6),bothundersimi-
laratmosphericconditions,indicatesthatinfigure6 thereisa large
imcreaseinvibratorybladebendingmoments.~s increaseisprobably
duetothenormalcalculablevibratoryinput(assuminguniformrotor
downwash).plusthecontributionoftheunsymmetricalrotordownwashat
thisforward-flightspeed.

H gustswereofprimaryimportance,someindicationoftheireffects
shouldbe apparentintheoscillographtracesofthebladebendingmoments.
An emninationoftherecordfor100rotorrevolutionstakenat
2,100poundsofrotorthrustingustywindsof26~h showedthat,regard-
lessofvariationsintheturbulence-indicatortraces,thebending-moment
tracesapproximatelyrepeatthemselvesforeachrotorrevolution.

VibratoryI&dingMoments

h figure 7, thetotalmaximumamplitude,orthespreadbetweenthe
maximumandminimumvaluesofthevibratoryrotor-bladebendingmoments,

-——.
—



8 NACATN 3074

in inch-pounds,isplottedagainstpercentofbladeradiusforthethree
previouslymentionedconditions.Thelowestcurverepresentstheblade
at zerothrustin quietair. Themiddlecurvepresumablyshowsthe
increaseinvibratorymomentsdueto gusts,andthetopcurveshowsthe
smp~tudeforthecmibinationofgustswithUnsy?mnetricalrotordownwash.
Thesecurvesclearlyindicatethattheeffectsofgustsontheblade
bendingmomentsaremuchsmallerthanthedownwasheffects.Ingeneral,
thegustcontributionisabout20percentofthetotslvibratozymoments
experiencedintids averaging26mphat ratedrotorthrust.

A comparisonofthesevibratorybendingmomentswiththemeanblade
bendingmomentsfortheconditionof 2,100poundsofrotorthrustand
gustywindsof26mphis showninf@ure 8. Themeanbending-moment
valuesweretakenfroma hsxmonicanalysiswhichisdiscussedsubseqmntly.
Here,bladebendingmomentsareplottedagainstpercentofbladeradius.
Tbedashedlinesrepresentthetotal~ positiveandnegativeblade
bendingmoments(vibratoryplusmeanvalues),andthemeanor steady-
statebendingmment isidentifiedby thesolidline. AU positivevalues
infigure8 indicatebendingmcxnentsthatcontributeto compressionin
thetopfibersoftheblade,sndallnegativevaluesindicatebending
momentsthatcontributeto tensioninthetopfibers.Essentially,the
meanbending-momentcurvetakesa shapethatwouldbe expectedwhen
simplifiedrotor-bladebendingtheoryisused. However,theamplitudes
ofthevibratoryvaluesarenotaccountedforbythistheory.Thecurves
showthatfortherotorbladetested,themuchmmpositivemomentatthe
37-percent-*usstationmy b= about2.5timesas largeasthemean
bendingmomentatthatstation.Themeximumnegativemoment,locatedat
the85-percent-radiusstation,isabout2.3ttmesthevalueofthecorre-
spondingmeanbendingmoment.As previouslydiscussed,thesehighvibra-
torybendingmomentsingustywindsof26mphaxeattributedprharilyto
theunsymmetricalrotordownwash.

HarmonicAnalysis

Thefrequencyatwhichvibratorymomsntsoccurintherotorbladeis
veryimportantinthedesign,especiallyinan analysisofthefatigue
ltieofthestructure.In orderto determinethepredominsnthRrmonics
andto cmparethoseharmonicswiththebladenaturslfrequencies,a
48-petitharmonicanslysiswasmadeofa typicalcycleofthebend@-
momenttraces.

Theresultsofthismalysisarepresentedinfigures9 and10. Fig-
ure9 showstheharmoniccontentofthebladebending-momenttracesat
7 spsnwisestationsinveryquietair(approximatelyzerowindvelocity)
at O and2,100poundsofrotorthrust.Twotypesofbarsareshownat
eachstation.Theso~d barsrepresentthehsxmonicamplitudesexcited
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at zerorotorthrustand,therefore,withno inflowthroughtherotor
disk. Theopenbarsindicatetheharmonicamplitudesproducedat
2,100poundsof rotorthrust.Thebarontheexhemeleftateachsta-
tionrepresentsthemeanor steady-statebendingmomentandislabeled
positiveornegativeaccordingtothemomentattheparticularstation.
Therotorspeedforalldatapresentedwasapproximately4 rps. The
experhentalfrequencyofthebladein cyclespersecondforeachharmonic
canbe obtainedbymultiplyingtheharmonicnumberby 4;thatis,the
seventhharmonicwouldcorrespondto 28cpsata rotorangularvelocity
of4 rps. Thecalculatednaturslfrequenciesofthebladeareshownin
thefollowingtable:

Bendingmode Frequency,Cps Sketch
(a)

First 9.6 -—-

Second 16.8

Third 26.8

%!& horizontallineineachsketchisthe
lineof zerodeflection.

At a rotorangularvelocityof4 rps,thefirstbendingnatural
frequencyfsllsbetweenthesecondandthirdharmonics,thesecondbending
naturalfrequencyfallsnearthefourthharmonic,andthethirdbending
naturalfrequencyfallsneartheseventhharmonic.

Figure10presentstheharmoniccontentofthebladebendingmoments
at 6 spanwisestationsfora rotoroperatingh gustyairwithan average
windvelocityof26mphatO rotorthrust(norotordownwash)and
2,100poundsofrotorthrust.

Theeffectsofgustsonthevarioushsxmonicscanbe seenby compar~
thesolidbarsoffigure9 withthesolldbarsoffigure10. Sincethe
rotorisoperatingat zerothrust(zerobladesngleofattack),thereare
no infloweffectsandtheincreasein amplitudeofthehamnonicsappar-
entlystemsfromgustinfluences.b general,thegustcontribution
appearstohavea totalvibratoryampLLtudeofabout450inch-poundsover
mostofthebladeradius(fig.7). Specifically,atthe37-percent-radius
station,thetotalvibrato~smplitudeofthegustisapprodmatel.y
530inch-pounds,whichis52percentofthesteady-statebendingmoment
obtainedwith2,100poundsofrotorthrusth approximatelyzerowind
velocity.Theopenbarsoffigure10 illustratetheconibinedeffectsof
gustsandrotordownwashonthebladeharmonics.Thisfigureclearly
showsthepredominanceofthoseharmonicswhichareclosetothenatural

—— _— _.. .— - -—— .—.——— -. --— - .
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bendingfrequenciesoftheblade,namely:thesecondandthirdharmonics,
whicharecloseto thefrequencyofthefirstbendingmode,thefourth
hsrmonic,whichis closeto thefrequencyofthesecondbendingmode,
andtheseventhhaxmonicjwhichis closeto thefreqwncyofthethird
bendingmode.

Theharmoniccontentoftherotorbladesundersimilargustcondi-
tionsat zerothrustandat 2,1oopoundsofthrustindicates(at26mph)
therathersecondaryeffectwhichthegustsmayproduceas comparedwith
thevibrationswhicharisefromoperationoftherotorat 2,1~ pounds
ofthrustandthisforwardspeed.

EffectofTipWeights

A meansofalteringthebladevibratorymomentswouldbe theaddi-
tionofweightstotherotor-bladetips.A reductionintotalstress
mightormightnotbe obtained,dependingontheindividualcase.How-
ever,itis oftiterestto determinetheeffectofweightsontherotor-
bladebendingmoment,inasmuchashelicopterswithweights(intheform
of jetengines)attachedto thebladetipsarenowbeingused. Themean ‘,
bladebendingmomentisplottedagdnstperceptofbladeradiusinfig-
ure11forvarioustipweightsata rotorthrustof2,100pounds,an
averagewindvelocityof8 mph,anda rotorangulsrvelocityof4 rps.
As wouldbe expected,increasingthetipweightreducesthebendingmoment
overtheifioardpsrtofthebladeandincreasesthemomentnearthetip.
Itappearsthattheadditionoftipweightsisan effectivemeansofcon-
trollingwithinlimitsthemeanmomemtdistributionalongthespanofthe
blade.

Theeffectofthetipweightsonthevibratorysmpl.itudeofthe
bendingmomentsis showninfigure12 as a plotofmaxhumvibratory
smp~tudeagainstpercentofbladeradiusforO-and7-poundtipweight.
Themaximumvibratorysmpl.itudeisreducedabout20percentovermostof
thebhde spanby theadditionofthe7-poundtipweight.

CONCLUDINGREMARKS

Onthebasisofthetestsofa rotorontheLmgleyhelicoptertest
towerincalmandgustyair,thefollowingconcludingremarksregarding
bladebendingmcmmrbscanbemade:

1.Theeffectofgustsonrotor-bidebendingmomentsa~esxstobe
secon~ comparedwiththevibratorymomentsobtainedwith2,100pounds
ofrotorthrustforthe26-mphwindvelocitytestedandanalyzed.
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2. Thepredominantvibratorymcfmentsoccuratfrequenciescorre-
spondingtothebladenaturslfrequenciesinthefirst,second,snd
thirdfl.apwisebendingmodes.

3.Tipweightscanbe usedto controlthebladebending-moment
distribution@ to decreasethevibrato~bladebendingmoments.

LangleyAeronauticalLaboratory,
NationalAdvisoryCoamitteeforAeronautics,

-Y Field,Va.,Decaiber14,1.953.
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(a) 25,50,and75percent Of b~e r~~s.

Figure 4.- oEcm.ogmph reccmd of mstej ~ ~ectionj ~d ~nti~
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(b) 37,62,85,andg7percent of blede radius. 2
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Figure 4.- Concludd.
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Figme 5.-OsciKIWaph recordof WtB, ~~ tiectionj~ bendti
momentmforwindsof 26 mph,rotor ~ velocity of about 240 W,
and rotor thrust of zero.
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Figure 5.-Concluded.



Figure 6.-Oscillograph record of gusts, wind direction, and bending
moments for windB of 26mph,rotor angular veloci~ of about 240 rpm,
and rotor thruBt of 2,100 Potis.



(b) 37,b, md97wcent ofbl.aderadiw.

~gure 6.-Concluded.
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